ABSTRACT This study aimed of effects of replacing maize with rice or brown rice on laying performance, egg quality, and apparent fecal digestibility of nutrient in Hy-Line Brown laying hens. A total of 200, 25-week old Hy-Line Brown laying hens were randomly assigned to one of 5 treatments, each of which was replicated 4 times. Four experimental diets that were formulated two different grains (brown rice or rice) with two inclusion levels of (15 and 30%) as a replacement of maize. The experimental period was 8 weeks. During the experiment, hens were provided with feed and water ad libitum and were exposed to a 16:8=L:D lighting schedule. There were no differences in feed intake, egg weight, and egg mass during the 8 weeks of the feeding trial among groups. However, hen-day egg production was greater (P<0.05) for Brown rice treatment groups than that for basal and rice treatment groups. In addition, the supplementation of brown rice or rice did not have an effect on eggshell strength, eggshell thickness, and HU during of the feeding trial (Table 4) . However, egg yolk color was less (P<0.05) for basal treatment groups than that for among treatment group. ATTD of dry matter (DM) and crude fat were greater (P<0.05) for brown rice 15 treatment than for rice 30 treatment. Crude protein (CP) was greater (P<0.05) for brown rice 15 treatment than for basal treatment. In conclusion, brown rice or rice grains is a good alternative energy feedstuff and can be used in laying hens, totally replacing maize, without any negative effect on the laying performance, egg quality, and nutrient digestibility.
INTRODUCTION
The global demand for maize to be used in the production of agricultural feed and fuel is increasing at a rapid rate (Edgerton, 2009) . To offset this demand, several studies demonstrated that the rice, including brown rice, shows potential for use as a substitute for maize in poultry feed (Honda et al., 2011; Sittiya et al., 2011; Nanto et al., 2015 Nanto et al., , 2016 . In Korea, a search for local sources of poultry feed has been underway to replace expensive imported feed stuffs, mainly maize and soybeans. If rice could replace maize as animal feed in area, advantages might accrue to the feed industry and animal production.
Brown rice was husked from one kind of early, long grain, non-glutinous rice (ELGNR, indica rice) in Korea. Brown rice has an excellent AME and crude protein composition compared to maize contains 14.02 MJ of AME/kg and 91.6 g/kg crude protein. It has been suggested that the availability of digestible energy, crude protein and dry matter than those of maize ration He et al., 2000) . The growth performance and the apparent fecal digestibility were not negative affected when 50% maize was replaced by brown rice in weanling pig diet and growing pigs .
Rice is well known as the major main food in most developing countries in the world, especially in Asia. Asian countries contribute approximately 92% of the world rice production, mostly of the Oryzae sativa species, which has been cultivated widely in warm climates (Alias and Ariffin, 2008) . Rice has an excellent AME and crude protein composition compared to maize contains 12.97 MJ of AME/kg and 79.0 g/kg crude protein. Wu et al. (1986) reported that feeding polished rice to growing pigs appeared feasible in growth performance.
The objective of this experiment was to study the effects of replacing corn with rice or brown rice on laying performance, egg quality, and apparent fecal digestibility of nutrient in Hy-Line Brown laying hens. period was 8 weeks. During the experiment, hens were provided with feed and water ad libitum and were exposed to a 16:8=L:D lighting schedule. The temperature and humidity of the laying house was maintained at 18±3℃ and 65∼70%, respectively, during the experiment.
MATERIALS AND METHODS

Laying Performance
Hen-day egg production rate, and egg weight were recorded daily, whereas feed intake and the feed conversion ratio were recorded weekly. were added to the diet at the start of collection period and at the conclusion of the collection period, respectively. Excreta collection was started when chromic oxide was appeared in excreta, and the collection was finished when ferric oxide was appeared in excreta. Full caution was paid to prevent disturbing the birds whenever the feces were monitored. Feed intake was recorded on a daily basis, and stored at -4℃ 
Nutrient Digestibility
Statistical Analysis
All data analyzed by analysis of variance according to a completely randomized design using the Proc Mixed procedure of SAS (SAS Inst., Inc., Cary, NC, USA). Outlier data were identified by the UNIVARIATE procedure of SAS, but no outliers were found. Least squares means were calculated and the means among treatments were compared by the PDIFF option with the Tukey's adjustment. Significance was set at P<0.05.
RESULTS AND DISCUSSION
There were no differences in feed intake, egg weight, and egg mass during the 8 weeks of the feeding trial among groups. However, hen-day egg production was greater (P< 0.05) for Brown rice treatment groups than that for basal and rice treatment groups (Table 3) . Basal treatments based on compared to, hen-day egg production was increased 3.3, 1.8, -0.2, and -1.9% respectively. Feed conversion ratio was less (P<0.05) for brown rice 15 treatment group than that for basal treatment group. Basal treatments based on compared to, feed conversion ratio was improved 3.8, 1.7, 2.1 and 2.1%, respectively. Different levels of brown rice or rice used in laying hens have not been studied. Dietary supplementation of brown rice or rice has been reported to improve BW gain in growing pigs and broilers (Nanto et al., 2012) . Brown rice is an excellent source of protein, containing 37% of the total protein as essential amino acids and 18% as BCAA (USDA, 2013). Gao et al. (1993) reported that the growth performance of pigs feed brown rice was significantly higher than that of the basal treatment when brown rice either partially or completely replaced maize, and the complete replacing took on a little better result than partially replacing with though insignificant difference. He et al. (2000) and Li et al. (2002) reported that the balance of amino acids in brown rice was better than that in maize.
In addition, the supplementation of brown rice or rice did not have an effect on eggshell strength, eggshell thickness, and HU during of the feeding trial (Table 4) . However, egg yolk color was greater (P<0.05) for basal treatment groups than that for among treatments. Basal treatments based on compared to, egg yolk color was decreased 8. 5, 10.3, 10.3 and 9.4%, respectively. Egg yolk color is a major concern to consumers and greatly affects their purchasing behavior (DeGroote, 1970; Fletcher, 1999) . Although xanthophylls containing diet does not provide higher nutrition levels, enhancements are observed in pigmentation of egg yolk (Bortolotti et al., 2003; Na et al., 2004; Wang et al., 2007) . Maize is one of the most important ingredients of laying hens fed contains lutein, zeaxanthin, which are the main xanthophylls in egg yolks (NRC, 1994) . Shin et al. (2015) reported that maize contained a high amount of lutein (2,096 μg/100g). Minatel et al. (2014) reported that rice contained amount of lutein (243.7 μg/100g). Pigmentation of egg yolks is influenced mostly by layer diet (Colin et al., 2004) and maize is a rich source of xanthophylls (Shin et al., 2015) . Natural xanthophylls is well-absorbed by hen intestinal cells (Gouveia et al., 1996) and is transferred to the yolk (Donald and William, 2002) after being released into the circulatory system (Salma et al., 2007) .
Nutrient diegestibility from the present experiment was summarized in Table 5 (1999) studied the nutritive value of brown rice in 35 kg growing pigs. The results showed that the apparent digestibility of dry matter, NFE, and gross energy were significantly higher in brown rice than in maize. He et al. (1994) pointed out that diminished content of crude fiber in brown rice might be benefit to its utilization. Piao et al. (2002) and Li et al. (2002) who both found that digestibility of most nutrients were higher in high level replacing with brown rice.
In conclusion, brown rice or rice grains is a good alternative energy feedstuff and can be used in laying hens, totally replacing maize, without any negative effect on the laying performance, egg quality, and nutrient digestibility.
